Little is known regarding typical neuropsychological outcomes of intracranial empyema, a rare complication of sinusitis marked by accumulation of purulent material adjacent to the brain. A 15-year-old, right-handed male presented with a 3-day history of congestion, lethargy, fever, headache, dizziness, unequal pupil dilation, and right-sided facial droop. Computed tomography revealed right-sided subdural empyema causing subfalcine, central, foraminal uncal, and tonsillar herniation. Postoperative inpatient neuropsychological consultation was requested 17 days postsurgery due to language deficits. Through comparison of neuropsychological and radiological findings, this case of subdural empyema demonstrates the anatomical and functional impact of mass effect on the brainstem and the vasculature of the contralateral hemisphere. Deficits were observed in expressive language, processing speed, and fine motor functioning, all of which lingered 6 months postacute. This case study reviews the pathophysiology of subdural empyema and illustrates its potential neuropsychological impact to inform clinicians encountering this rare condition.
empyema by Courville (1944) benefitted from autopsies of all 42 cases studied-a 100% mortality rate due to limited knowledge of the condition and lack of viable treatments at the time.
The prevalence of subdural empyema is difficult to determine, with the most recent formal study suggesting an incidence rate of one case per 193,000 people per year (Nathoo, Nadvi, van Dellen, & Gouws, 1999) . However, as that study was conducted in a region of South Africa with a very low socioeconomic index, the incidence rate of subdural empyema in a more developed area of the world, such as the United States, is likely even lower (Bartt, 2010) . It is estimated that 3% of all patients hospitalized for sinusitis develop subdural empyema (Hicks, Weber, Reid, & Moodley, 2011) . Approximately 70% of cases occur in individuals aged 10-30 (Bayonne, Kania, Tran, Huy, & Herman, 2009; Germiller, Monin, Sparano, & Tom, 2006) . Numerous studies suggest that subdural empyema is more commonly seen in males (Banerjee, Pandey, Devi, Sampath, & Chandramouli, 2009; Bayonne et al., 2009; Giannoni, Sulek, & Friedman, 1998; Ong & Tan, 2002; Quraishi & Zevallos, 2006; Rosenfeld & Rowley, 1994; Saxton, Boldt, & Shield, 1995; Wu et al., 2008) .
The onset of symptoms in cases of subdural empyema is often abrupt (Bleck & Greenlee, 2000) , and most patients present at about 7 -12 days (Adame et al., 2005; Germiller et al., 2006; Nathoo et al., 1999) . Any earlier detection is extremely difficult due to the nonspecific nature of initial symptoms, which typically include fever, focal cranial pain, and headache (Adame, Hedlund, & Byington, 2005; Bartt, 2010; Bayonne et al., 2009; Giannoni et al., 1998; Rosenfeld & Rowley, 1994; Saxton et al., 1995; Wu et al., 2008) . Lethargy and altered mental status are commonly observed upon initial presentation for medical evaluation (Adame et al., 2005; Hartman, Helfgott, & Weingarten, 2004; Kombogiorgas et al., 2007; Osman Farah, Kandasamy, May, Buxton, & Mallucci, 2009; Vehnkatesh et al., 2006; Wackym, Canalis, & Feuerman, 1990) . Over 70% of cases present with hemiparesis due to mass effect and up to 48% experience seizures prior to undergoing treatment (Hartman et al., 2004) . In severe or prolonged cases, brain abscesses may develop (Adame et al., 2005; Giannoni et al., 1998; Rosenfeld & Rowley, 1994) , and as the brain herniates, seizures, stupor, hemiparesis, and cranial nerve palsies progress. If untreated, patients will progress to coma and eventual death (Kombogiorgas et al., 2007; Osman et al., 2009) . Even with appropriate treatment, mortality rates are reported from 14% to 28% (Agrawal, Timothy, Pandit, Shetty, & Shetty, 2007) .
Contrast-enhanced computed tomography (CT) imaging is commonly used and "very reliable" (Bartt, 2010) in diagnosing subdural empyema (Hicks et al., 2011) . However, as CT sometimes fails to detect early-stage subdural empyema (Rich, Deasy, & Jarosz, 2000; van de Beek, Campeau, & Wijdicks, 2007) , some healthcare professionals prefer the greater sensitivity of magnetic resonance imaging (MRI). MRI is also more sensitive in detecting the complications of subdural empyema, including cerebritis, abscess, and infarction. After diagnosis, standard of care is immediate craniotomy or burr hole surgery to remove purulent material. Although burr hole drainage is more common, craniotomy may be more effective (Banerjee et al., 2009; Klein et al., 2006; Legrand et al., 2009; Mat Nayan, Mohd Haspani, Abd Latiff, Abdullah, & Abdullah, 2009; Nathoo, Nadvi, Gouws, & van Dellen, 2001 ). There is much debate over which technique is optimal, and the severity of the empyema is often the determining factor. Following surgery, patients are treated with an antibiotic regimen determined by the pathogens identified as the causal source of the empyema (Bartt, 2010; Greenlee, 2003) . Due to the rarity of subdural empyema, the duration of antibiotic therapy is not well established, although 4 -6 weeks has been suggested (Bartt, 2010) . In addition to antibiotics, corticosteroids are occasionally used due to their established role in the treatment of meningitis, although the rationale and success of using corticosteroids to treat subdural empyema has not been well documented (de Gans, van de Beek, & European Dexamethasone in Adulthood Bacterial Meningitis Study Investigators, 2002) .
Prior to the development of CT, overall mortality rates for subdural empyema were consistently 25% -40%, whereas current mortality rates typically are in the range of 8% -22% (Hartman et al., 2004) . Mortality rates are as high as 57% -80% for patients who are comatose on initial presentation, in contrast to 0% -7% mortality for patients who present while still conscious (Dill, Cobbs, & McDonald, 1995; Singh, van Dellen, Ramjettan, & Maharaj, 1995) . Any lasting neurological disability as a result of subdural empyema is rare (Bartt, 2010) . However, survivors commonly experience lingering hemiparesis, and epilepsy develops in 17% -42% of survivors (Hartman et al., 2004; Nathoo et al., 1999) . Thus, anti-seizure medications and occupational, physical, or speech therapy may be prescribed for survivors.
Due to the rarity of this condition, there is no known neuropsychological profile of patients in either acute or recovery stages of subdural empyema. This case study is presented in order to advance knowledge of the potential neuropsychological impact of subdural empyema and to provide direction for acute and postacute neuropsychological evaluations of this rare condition. Existing literature is limited to a single prior case study, published over two decades ago in this journal (Maertens, Cohen, & Krawiecki, 1987) . Briefly, the patient in that prior study was a 13-year-old, right-handed, African-American male with preexisting learning difficulties who presented with a 1-week history of upper respiratory infection and a 1-day history of headaches, sleepiness, poor appetite, emesis, and nuchal rigidity. Five days after an initial misdiagnosis of cerebritis and the subsequent development of simple partial seizures, elevated fever, right-sided hemiparesis, and altered mental status, further review of the previous CT scans led to the identification of a left parafalcine subdural empyema. After 4 days of treatment with intravenous penicillin, a follow-up CT showed a reduction in the left parafalcine empyema and a novel left temporal-frontal subdural empyema. By Day 40, the only anomaly visualized on CT was residual left parietal diffusion.
In this prior case study, neuropsychological evaluation was conducted at Day 17 of hospitalization and at 6-month followup. Findings were compared with an evaluation conducted by a school psychologist 3 years prior to the patient's hospitalization which indicated pre-existing learning difficulties. Those comparisons indicated acute declines in several areas. Although receptive language was far below average at both time points, expressive language functioning declined from below average to far below average. Similar declines were noted in fine motor functioning, auditory memory, and visual memory. At 6 months postillness, verbal functioning had improved to near premorbid levels, but academic performance measures indicated enduring declines in spelling and arithmetic skills.
The authors of this prior case study noted that the results of their evaluation at Day 17 correlated "extremely well" with the discovery of a left temporal subdural empyema on CT imaging (Maertens et al., 1987) . Similarly, they asserted that their neuropsychological findings at 6 months postacute correlated with the complete resolution of the subdural empyema as seen on CT imaging at that time. Residual cortical atrophy in the left frontal lobe was not described as having direct neuropsychological correlates per the testing battery that was administered. In conclusion, the authors mentioned that clinical improvement generally preceded radiological improvement for that patient.
An understanding of the pathophysiology of this rare condition, as reviewed above, informs evaluation of its neuropsychological outcomes. The single prior case study provides some context for understanding the current case, although comparison is clouded by the significant pre-existing cognitive difficulties noted in the prior case. While acute evaluation of the present case was dictated by clinical need, timing of the postacute evaluation was designed to match the prior study, which provided limited information regarding postacute functioning due to that patient's premorbid limitations. In addition to addressing clinical needs dictating the referral for evaluation, a goal of the present study was to clarify whether the acute and postacute deficits observed in the prior case would be observed in a case study of a patient with higher premorbid functioning. Examination of a patient with presumably normal baseline neuropsychological functioning likely affords greater clarity to understanding long-term outcomes. In particular, the current study may more accurately capture patterns of recovery in aspects of fine motor functioning, language functions, and memory, which were selected as areas of particular interest based on clinical concern combined with findings from the prior case study. Additionally, the patients in the current and prior case studies probably experienced differences in the pathophysiological course of subdural empyema, as the cases differed in terms of affected hemisphere. The comparison of patients with different clinical courses enables clinicians to better understand whether neuropsychological recovery is generalizable across subdural empyema or unique based on the neuroanatomical structures most impacted by the disease process.
The following case study illustrates potential neurocognitive changes associated with the mass effect and inflammatory process associated with empyema. The case example advances the limited existing knowledge of both acute and postacute neuropsychological sequelae of subdural empyema, thereby providing direction for both clinical evaluations and future research.
Case Report
The patient is a 15-year-old, right-handed male with an unremarkable developmental, medical, and psychiatric history. He had been earning A's and B's in regular classes and had never been referred for cognitive or academic testing or required educational supports. He presented to the Emergency Department (ED) with sinusitis, worsening headache, low-grade fever, dizziness, neck pain, right-sided facial droop, and unequal pupil dilation. His mother noted that the patient had been sick for 4 days prior to his hospitalization. He reportedly began experiencing headache 4 days prior to his admission, followed by increasing motor slowing, fatigue, and one episode of emesis. The day he presented to the ED, the patient reportedly had become unable to dress himself or walk without assistance. An intravenous contrast-enhanced CT scan at his admission detected a right-sided pneumonoccal subdural empyema, originating from the right frontal sinus (see Fig. 1 ), with associated midline shift toward the left and partial occlusion of the distal Sylvian branches of the left middle cerebral artery (MCA) (see Fig. 2 ). Extensive subfalcine, central, foraminal uncal, and tonsillar herniation were observed (see Fig. 3 ), indicating an immediate life-threatening neurosurgical emergency. The patient immediately underwent a frontal craniotomy, evacuation of the empyema, and cranialization of the right frontal sinus. There were no complications of encephalitis or meningitis, according to analysis of the CSF. A peripherally inserted central catheter (PICC) line was inserted that same day for administration of ampicillin and was removed on Day 45 upon completion of that antibiotic course.
Postsurgery, the patient exhibited left-sided hemiparesis. This symptom, combined with the right-sided facial droop and unequal pupil dilation, formed the classic triad of symptoms suggesting mass effect at the upper level of the brainstem. Specifically, this triad implicated that the bilateral foraminal uncal herniation observed on contrast-enhanced CT may have been worse on the right, causing unequal pupil dilation due to compression of Cranial Nerve (CN) III, which controls ipsilateral pupil dilation, and right-sided facial droop due to compression of CN VII, which innervates ipsilateral facial muscles. Given that CN III and CN VII are located above the pyramidal decussation, the finding of left-sided hemiparesis is not the contradiction it first appeared, as the mass effect likely impacted those pyramidal motor fibers at a point where they still evidence a contralateral connection.
An informal speech-language evaluation on Day 6 noted mild deficits in expressive and receptive language, in addition to moderate cognitive deficits. The patient's external ventricular drain was removed on Day 8. While hospitalized, the patient participated in occupational, physical, and speech therapies and was followed by Child Life and Psychological Services. He also participated in a sleep evaluation on Day 27 that indicated no concerns. He was discharged on Day 37 with no observable symptoms other than residual left-sided weakness.
With regard to other medical history, the patient is characterized as obese but had no history of other medical conditions or hospitalizations prior to this subdural empyema. He experienced sleep difficulties while hospitalized for treatment of the empyema, but he reportedly was sleeping well at the time of the postacute evaluation, which was conducted on an outpatient basis almost exactly 6 months subsequent to the inpatient assessment. His mother indicated that the patient had had an ophthalmological examination in the month following his discharge from the hospital, the results of which were normal per parental report. The patient reportedly was not prescribed any medications at the time of the follow-up evaluation.
Method
On Day 15, the patient was referred for inpatient neuropsychological consultation due to concerns regarding expressive and receptive language, confusion, and depressive symptoms. At that time, separate clinical interviews with the patient and his mother were conducted, and a brief neuropsychological battery was administered. In order to coincide with the timeline of the prior case study, the patient completed a comprehensive outpatient neuropsychological evaluation 6 months after that initial neuropsychological evaluation. Table 1 shows a complete listing of measures and results from each evaluation. Test selection was informed first and foremost by practical treatment planning and return-to-school needs but also by the prior existing case study. Measurement in domains similar to the prior case study permitted the examiners to compare recovery and facilitate cautious conclusions regarding typical acute and post-acute effects of subdural empyema.
The patient underwent emergent unenhanced CT scanning of the head upon arrival to the ED, utilizing 3 mm unenhanced axial images through the head (Philips Healthcare Andover, MA). Due to concerns about sinusitis and a suspected extra-axial fluid collection around the right cerebral hemisphere, the unenhanced CT was followed immediately by a repeat intravenous contrast enhanced (Isovue 300, Bracco Milan, Italy) 3 mm axial CT scan of the head. The patient was prohibited from having an MRI scan due to his weight, which exceeded the safe table limit of the MRI scanner. Postoperative imaging was performed with 3 mm unenhanced axial CT scanning.
Results
Due to concerns regarding expressive and receptive language, confusion, and depressive symptoms, the patient was referred for an inpatient neuropsychological evaluation, which was conducted on Day 15. At that time, the patient was observed to demonstrate good effort despite significant lethargy. Attention and concentration were adequate given his lethargic state. He was reluctant to guess and demonstrated a slow response style, particularly as tasks increased in difficulty and on items that required a verbal response. The patient endorsed difficulties with processing speed and word finding, and his mother reported that he was much less talkative than usual. The patient typically shrugged in response to conversational prompts. He also demonstrated significant left-sided weakness and was observed to use objects in the room (e.g., his bed, the wall) to balance himself as he ambulated to the restroom. The patient's acute neuropsychological profile indicated deficits in three main areas: expressive language, processing speed, and fine motor functioning (see Table 1 ). Deficits in expressive language were most clearly evidenced by the discrepancy between far below average performance on the Vocabulary subtest of the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) and average performance on the Peabody Picture Vocabulary Test, Fourth Edition, Form B (PPVT-4; Dunn & Dunn, 2007) . Expressive language deficits also appeared to impact performance on measures of verbal fluency and verbal memory. Processing speed deficits were evident on the Symbol-Digit Modalities Test (SDMT; Smith, 1982) , while performance on the Purdue Pegboard Test (Lafayette Instruments, 1999) was impaired bilaterally.
At the 6-month postacute evaluation, the patient was observed to be appropriately alert, demonstrating good attention and effort. He was much less reluctant to verbally guess on items when compared with the inpatient evaluation. Also in sharp contrast to the acute evaluation, the patient demonstrated a preference for verbal responses. For example, he preferred to verbalize the number of his selected response rather than point to the answer on tasks with multiple choice responses such as the PPVT-4. Additionally, he was increasingly responsive to conversational prompts from the examiner. The patient still demonstrated a slow response style, although the speed of response was improved.
The patient's postacute neuropsychological profile indicated lingering deficits in expressive language-relative to presumably normal functioning prior to illness, as suggested by normal academic performance-despite modest improvements from the initial evaluation. Lingering processing speed deficits were also observed, most clearly on the motor-free SDMT but also on the Processing Speed Index (PSI) of the Wechsler Intelligence Scale for Children, Fourth Edition (WISC-IV; Wechsler, 2003) . Fine motor dexterity weakness was also noted, although it is difficult to tease out the impact of processing speed weakness on fine motor performance. In addition to these persisting deficits, it is also important to note significant recovery of function observed in performance on tasks of learning of visual and verbal information, cognitive flexibility, and non-motor cognitive speed. These positive changes were confirmed with reliable change index (RCI) analysis using the Jacobson & Truax (1991) model (Table 1) . RCI values were calculated utilizing values from relevant test manuals as well as normative data contained in Strauss, Sherman, and Spreen (2006) .
Discussion
Informed by existing knowledge of the underlying pathophysiology in concert with imaging findings, the present case illustrates the potential neuropsychological impact of subdural empyema by identifying several areas of pathology that can occur acutely and which may have long-term neuropsychological sequelae. Based on clinical estimators and parental reports of the patient's premorbid functioning as well within normal limits, the patient's neuropsychological profile at the time of the acute evaluation suggested significant compromise, with a triad of deficits in expressive language, processing speed, and fine motor functioning. That profile likely reflects the impact of diffuse brain injury resulting from mass effect due to frontal subdural empyema, although a lack of premorbid testing data precludes a definitive conclusion. Additionally, given the extent of mass effect and herniation this patient experienced, it is difficult to make conclusive statements regarding the connection between neuroanatomical and neuropsychological findings. However, the presence of extensive subfalcine, central, foraminal uncal, and tonsillar herniation (see Fig. 3 ) likely contributed to the finding of processing speed deficits, as such herniation would have caused diffuse white matter damage. In contrast to this diffuse injury, the observed expressive language deficits may have been more focal in nature, likely related to the partial occlusion of the left MCA observed on contrast-enhanced CT (see Fig. 2 ). The neuroanatomical basis for the observed impairment in fine motor functioning remains open for speculation, with the two most likely explanations being ischemic cortical damage or the severity of brainstem compression potentially impacting motor functioning. Deficits in fine motor functioning, processing speed, and expressive language lingered at 6 months, but no imaging was available at that time to further inform understanding of neuroanatomical bases. These findings must be considered in light of several limitations of the study that were beyond the control of the examiners, such as the idiosyncratic nature of data from a single individual limiting the ability to generalize findings-as with any case study. Situational factors inherent to any inpatient evaluation, such as patient fatigue and environmental distractions (e.g., noises from medical equipment), represent potential threats to the reliability and validity of the findings of the acute evaluation in this case. Additionally, there are inherent threats to the reliability and validity of any comparisons made between scores obtained in two drastically different testing settings, as was the case for the acute inpatient and postacute outpatient evaluations of this patient. Although instrumentation was kept as consistent as possible at each time point, the use of different assessments at acute and postacute evaluation may limit the comparability of scores. When data were available, RCI scores were calculated in an attempt to address this limitation, recognizing that protocols for calculating RCI scores for an individual are still being refined (Duff, 2012) . In addition to these challenges, the lack of premorbid neuropsychological data limits the ability to track recovery relative to the patient's neurocognitive baseline. The lack of traditional and more focused (e.g., diffusion-weighted, angiographic) MRI data represents another limitation of this study. Specifically, these neuroimaging techniques likely would have clarified vascular findings demonstrating cerebral edema, ischemia, vascular spasm/occlusion, and white matter injury. Additionally, in older, cooperative patients such as the case described here, even basic functional MRI tasks could be performed to correlate neuropsychological deficits with brain injury. Unfortunately, the patient in this case was unable to participate in any MRI procedures due to obesity.
The informational limits of neuroimaging were quite evident in this case, as indications of widespread mass effect and herniation did little to narrow hypotheses for developing the brief testing battery for the acute evaluation. In this case, testing clarified the imaging findings, indicating that the most prominent mechanism of injury was mass effect related to the presence of purulent material in the subdural space and resulting intracranial inflammatory response. A primary mechanism by which such mass effect likely impacted neuropsychological performance in the present case is restriction of contralateral vasculature. However, depending on the temporal duration (and subsequent severity) of the condition prior to identification and treatment, individuals with subdural empyema may present with a wide variety of neuroanatomical abnormalities and functional deficits. (Woodcock et al., 2001) . CMS equals; Children's Memory Scale (Cohen, 1997) . CPT-II equals; Conners' Continuous Performance Test, Second Edition (Conners, 1992) . TMT equals; Trail-Making Test (Army Individual Test Battery, 1944) . DKEFS equals; Delis-Kaplan Executive Function System (Delis et al., 2001) . BRIEF equals; Behavior Rating Inventory of Executive Function (Gioia et al., 2000) . VMI-5 equals; BeeryBuktenica Developmental Test of Visual Motor Integration, Fifth Edition (Beery & Beery, 2006) . HVOT equals; Hooper Visual Orientation Test (Hooper, 1958) . ROCFT equals; Rey-Osterrieth Complex Figure Test (Rey, 1941) . a Significant according to standard RCI cutoff of +1.645 (Duff, 2012) .
b
On the CPT-II, all scores were within the average range, with the exception of the Variability index, which indicated "Good Performance."
At the more severe end of the spectrum, as evidenced in this case, subdural empyema can cause extensive damage-from the frontal lobes to the brainstem-affecting bilateral cerebral hemispheres at both cortical and subcortical levels due to mass effect, and quickly leading to life-threatening herniation. Subdural empyema is typically an aggressive infection that will rapidly progress to this point if untreated. Thus, a detailed history of the course of the preceding illness and symptoms of mass effect will greatly inform any neuropsychological assessment of subdural empyema, particularly with regard to expectations for recovery and longer-term outcome. In spite of the potential limitations of this study, the findings provide some potentially useful information about neuropsychological recovery from subdural empyema. As the postacute outpatient evaluation was clearly much more conducive to optimal performance, the findings of enduring deficits in the triad of expressive language, processing speed, and fine motor functioning lent credence to their existence at the acute evaluation. In particular, lingering deficits on a motor-free measure of processing speed at the postacute evaluation suggested that acute processing speed deficits were not simply the result of the patient's lethargic state and fine motor slowing at that time.
Given that this is only the second neuropsychological study of subdural empyema ever published, additional research is greatly needed, moving beyond case studies to analyses of neuropsychological findings in larger samples of both adult and pediatric populations. Future studies should attempt to determine whether this condition tends to produce generalized versus localized effects, with consideration given to the lateralization and severity of the subdural empyema. Comparison of the present case study with the prior study (Maertens et al., 1987) suggests that the triad of language, fine motor functioning, and processing speed deficits may be deserving of particular attention in any neuropsychological evaluation of subdural empyema, although two cases do not provide enough evidence to lend any degree of certainty to this suggestion. Premorbid differences between the two cases, with the prior case study demonstrating notable cognitive impairments at baseline testing in contrast to the reported normal premorbid functioning of the present patient, preclude definitive conclusions based on these two cases alone. The fact that both this patient's and the prior patient's deficits persisted 6 months postacutely may indicate some degree of permanent compromise, although longitudinal neuropsychological follow-up would be needed to confirm this. The possibility of permanent compromise raises an important question: what is the typical neuropsychological outcome-not only acute but also long-term-of subdural empyema? Despite the inherent difficulties in comparing the prior and the present case study, the combined knowledge from these two studies clearly demonstrates the potential for subdural empyema to negatively impact neuropsychological functioning via diffuse and focal mechanisms, and a more thorough understanding of that impact is long overdue.
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